Drought and high temperature are especially considered as key stress factors with high potential impact on crop yield. The aim of this study was to investigate the effect of short periods of high temperature, drought and their combination at different growth stages of plant under controlled conditions. The effects of high temperature and drought on grain yield were additive. However, high temperature increased the degree of water stress and the combined effects of drought and high temperature were much more severe than those of each individual treatment. High temperature and drought applied at post-anthesis shortened duration of maturation, grain filling duration and reduced grain yield, mean grain weight, grain number and thousand-grain weight.
Introduction
Wheat (Triticum aestivum L.) is one of the most important cereal crops of the world. Due to its wider adaptability it can be grown under diverse agro-ecological conditions ranging from temperate to subtropical climates. Thus, considerable climatic differences in temperature and relative humidity exist in these areas and wheat crop experiences wide seasonal variations which causes large annual fluctuations in the yield (Munjal and Dhanda 2005) . The exposure of wheat crop to sub-optimal temperatures at establishment and supra-optimal temperatures at reproductive phases results not only in reduced number of grains per spike but also causes poor grain filling into shriveled grains with low test weight (Shpiler and Blum 1991; Nagarjan and Rane 2002) . On a global basis, high temperature in conju-gation with coincident drought poses the most important environmental constraint to plant survival and to crop productivity. Increased temperature and drought applied before grain filling shortened the grain filling period and reduced grain weight and specific weight (Gooding et al. 2003; Ehdaie et al. 2006) . The synergistic interactions indicated that productivity of wheat is reduced considerably more by the combined stresses than by either stress alone, and much of the effect is on photosynthetic processes (Shah and Paulsen 2003) . Yield safety can only be improved if future breeding attempts are based on the valuable new information acquired on the process of cereal reproduction under drought and heat stress (Barbanas et al. 2008; Kaur et al. 2008 ).
Materials and Methods

Plant material
Two varieties of wheat viz. WH730 (high temperature tolerant) and UP2565 (high temperature sensitive) were used to study the effects of high temperature, drought and their interactive stress on the grain growth. Both the varieties of wheat were grown in polythene bags filled with 6 kg of dune sand in the screen house. After thinning four plants were maintained in each bag. Mother shoots in all the bags were tagged during ear emergence. Temperature, relative humidity (RH) and soil moisture were recorded during treatment period both under screen house and polyhouse conditions. The plants of both varieties of wheat were exposed to high temperature, drought and the combination of both stresses at the following stages Number of grains spike -5 was noted for each of the three replicates in both varieties. The grains were weighed to obtain grain weight spikes -5 for each of the three replicates. Final weight was represented as a mean of three replicates. Grain yield plant -1 was measured by weighing total grains in the spike for each variety. Yield was recorded in grams. Test weight was recorded by weighing 1000-grains for each variety. Date at which 50 to 60% crop matured was noted down separately for each variety for calculating the duration Cereal Research Communications 38, 2010 of maturation (DOM). Grain filling duration in days was determined by difference between date of maturity and date of anthesis.
Treatments
Results
Grain number spikes -5
Overall mean grain number was less in UP2565 (128.63) than WH730 (162.66) ( Table 1) . HT and D led to 8 and 14% decrease in mean grain number respectively. Interaction of HT + D led to mean decrease of 15%, however maximum decrease in grain number (21%) was observed at S 1 + S 2 stage. Decrease in grain number was more due to HT + D stress in UP2565 (26%) than WH730 (5%) over control.
Grain weight (g spikes -5 )
Overall mean grain weight was less in UP2565 (5.47 g) than WH730 (6.25 g) ( Table 2) . HT and D led to 10 and 14% decrease in mean grain weight, respectively. Interaction of HT + D treatment resulted in a mean decrease of 19%, however maximum decrease in grain weight (27%) was observed at S 1 + S 2 stage. Decrease in grain weight was less in WH730 (17%) than UP2565 (21%) with interactive HT + D treatment over control.
Grain yield (g plant -1 )
Overall average grain yield per plant was lower in UP2565 (2.50 g) than WH730 (3.22 g) (Table 3) . HT and D led to a decrease of 12 and 17% in mean grain yield per plant, respectively. Interaction of HT + D resulted in decrease of grain yield per plant by 25%, however maximum decline was observed at S 2 stage (27%). A greater decline in grain yield per plant was observed in UP2565 (33%) due to interactive HT + D stresses than WH730 (17%) in relation to control. 
Test weight (g)
Overall mean test weight was greater in UP2565 (42.73) than WH730 (38.45) ( Table 4) . Out of all the stress treatments, interactive HT + D resulted in maximum decline in mean test weight (5%), whereas greatest decrease due to HT + D stress was noticed at S 1 + S 2 stage (6%). Both varieties differed in response to stress treatments. UP2565 showed an increase of 5% in test weight while WH730 showed 14% decrease with interactive HT + D stresses when compared to control.
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Duration of maturation (DOM) and grain filling duration (GFD)
Days required for crop maturity were greater in WH730 (147 days) as compared to UP2565 (140 days). All the stress treatments resulted in decline in DOM. The decline was, however, almost similar in both the varieties. Interactive HT + D stresses resulted in maximum reduction (4-5%) in DOM followed by D and HT stresses.
Grain filling duration was more in WH730 (49 days) than UP2565 (44 days). HT, D and interactive HT + D stresses resulted in decline in GFD. Out of all the stress treatments maximum reduction in GFD was caused by interactive HT + D stresses. GFD was reduced to greater extent in UP2565 (23%) in comparison to WH730 (16%) ( Table 5) .
Discussion
All the stress treatments viz. high temperature, drought and interactive high temperature and drought resulted in a decrease in grain number as well as grain weight per spike -5 . Out of all the stress treatments, maximum detrimental effects were shown by interactive high temperature and drought stress and reduction in grain number spike -5 , grain weight spike CD ( tal effects of high temperature on grain number were reported by Fokar et al. (1998) , Kafi and Stewart (1998) . Drought induced reduction in grain number per spike was reported by Guttieri et al. (2001) , Hoffman and Burcus (2005) and Baalbaki et al. (2006) . Effect of stress on yield was more detrimental at post-anthesis stage compared to other two stages. Interaction of high temperature and drought resulted in more decline in grain yield in UP2565 (33%) than WH730 (13%). This indicated that WH730 was better performing variety than UP2565 under stress conditions. Munjal and Dhanda (2004) reported that under heat stress conditions grain yield was positively correlated with 1000-grain weight and negatively correlated with days to heading. Drought induced reduction in grain filling duration and yield were also reported by Khanna-Chopra et al. (1994) , Wardlaw and Willenbrink (2000) . Recently, Sheikh et al. (2010) have demonstrated that high temperature stress adversely influences membrane thermostability and chlorophyll fluorescence and as a consequence results in significant reduction in grain yield. Decline in test weight was observed due to delayed sowing and thus subjecting wheat to raised temperatures during reproductive phase. Similar results were also reported by Singh and Dhaliwal (2000) , Tripathi et al. (2000) , Prasad et al. (2000) , Sarkar et al. (2001) , Nagarjan and Rane (2002) , Singh and Pal (2003) , Tyagi et al. (2003) , Asseng et al. (2004) , Hoffman and Burcus (2005) .
Climate change is a concern in present times, and researchers are engaged in understanding its impact on growth and yield of crops, and also identify suitable management options to sustain the crop productivity under the climate change scenarios. Our studies have revealed that dual stress (heat and drought) is detrimental for grain yield and losses are different at different phenophases (boot or post-anthesis) coinciding stress factors individually (heat or drought) or jointly (heat and drought). Keeping in view the trends in global climate change, a shift in sowing time, as an adaptation strategy is recommended (Kalra et al. 2008 ). There is a growing need to quantify the effects of rising temperature on yield of crops in different agroecologies and agri-production environments.
